When analyzing options returns, most papers tend to focus on the expected and realized return from strategies where the investors are long on those financial instruments. We conduct a test searching for excess returns on passive options investment strategies resorting to a four factor model, evaluating the case of an investor who launches options and evaluates returns to the light of capital invested in the form of margins requirement. The main point of our research work is to continue the line of research where we evaluate options returns using the metrics with respect to margin requirements. We find that there are excess returns not explained by the four factor model, which in turn may indicate the strategy generates extra returns, or that the investor going short on options provides insurance to events not captured by the traditional models.
I. Introduction
The analysis of expected option returns is most acknowledged in the literature from the point of view on the issuer of the option, i.e. the long side of the position. McDonald (2006) and Rubinstein (1984) establish a formula for the calculation of this expected return, always from the buy side and there are also papers that analyze options realized returns, like Benesh and Crompton (2000) , Coval and Shamway (2000) , Bondarenko (2003) or also Broadie et. al (2009) , where again option returns are in all cases evaluated from comparing the realized option payoff with respect to the original premium paid, which means the buy or long side of the option. In their findings the authors shows from empirical evidence that investor receive less return than what it is predicted by risk measures (and in some cases, authors hypothesize that there are some risks insured not captured by mean variance models).
In a previous paper - Dapena and Siri (2015) -we analyze the issue but with the challenge of seeing options from the seller perspective, and hence providing a different methodology of calculating option returns, by associating option contracts more to an insurance contract, and hence calculating realized returns by comparing the amount of money invested as guarantee with the realized pay offs from the realization of events (where realization of events means that options may end in or out-of the money).
In that paper we restricted our research to near at-the-money (ATM) naked european call and put options written on three major US indexes (Dow Jones Industrial Average, Standard & Poor's 500, Nasdaq 100) in order to evaluate the returns of what we denominate a 'passive' strategy of selling options and holding the contract open until expiration, where maturities for the selected options were 60, 180 and 365 days.
Once we have premiums and eventual payoffs if a particular option happens to end inthe-money, we estimated the internal rate of return of the contract, by taking the resulting cash flow from evaluating the difference between the inflow value and the outflow value, weighted on different margin metrics (Initial, Average or Maximum Margins requirements).
We obtained that the realized returns of call selling are lower from the realized returns of put selling, which is in line with theory, but we would have expected those returns to be lesser than what we obtained (given that selling ATM calls literally implies going short on the underlying asset). Another insight came from the fact that though there was a difference in the realized rate of return (put's rate of return higher than call's rate of return) the standard deviation of returns was approximately the same, letting us to think it could be the case it becomes much more risk efficient and profitable to sell puts than to sell calls.
II. Proposition
In the previous paper we analyzed the whole package of options available with the characteristics described, with no discrimination about the time of issuance of the options. Hence, even though a distribution of realized returns was exhibited, it was not possible to compare the return of the options from this point of view with the market return.
In this paper we shall go further with the research, establishing a portfolio of options from the selling side, obtaining the realized returns timely ordered, and comparing the returns with a factor model.
a. Options realized returns
There is another article in Summa (2003) 1 analyzing options kept until expiration, and shows three key patterns emerging: (1) on average, three out of every four options held to expiration end up worthless; (2) the share of puts and calls that expired worthless is influenced by the primary trend of the underlying; and (3) option sellers still come out ahead even when the seller is going against the trend.
So we define returns from passive options investment strategies as the payoff obtained from launching options that eventually end up out of the money, and we compare this payoff with the margins requirements needed. One of the main features of our study is that we consider the margin requirements (guarantees) regulatory established as the initial investment committed, and therefore we compare the net payoff with the margin requirements along the life of the contract to obtain a realized return.
In order to establish the daily margin requirements, we use the appropriate formula for broad based index options naked short sale, as detailed in the CBOE Rulebook (CHAPTER XII -Margins 2 ). For comparison's sake, we annualized the internal rate of return in the simplest way, by scaling up the period of time until one year, getting as a result an arithmetic annual return rate:
where T is the time to maturity of the option.
To check whether incompleteness issues arise in the queried data, filters are applied for the different maturities (and both filtered as well as non-filtered results are shown). For the case of near to 60 days to maturity, two filters are applied. The first one is to remove options that have less than 50 days to maturity or more than 70 days to maturity. The second one is to remove options that have less than 10 days of trading activity. When moving forward to near 180 days to maturity, the filters are adapted to a range between 160 and 200 days, and 20 days of trading activity. Finally, for the 365 days options, the time-to-maturity range is established between 335 and 395 days, while the number of trading days extends up to more than 40 days.
b. Four factor model
To the purpose of comparison of options returns we should resort to the Carhart (1997) four-factor model (an extension of the Fama-French 1997 three-factor model) including a momentum factor, also known in the industry as the MOM factor (monthly momentum) 3 .
This model is commonly used as an active management and mutual fund evaluation model. Three commonly used methods to adjust a mutual fund's returns for risk are: the market model -where the regression intercept in this model is referred to as the "Jensen's alpha"-; the Fama-French three-factor model -where the regression intercept in the model is referred to as the "three-factor alpha"-; and the the Carhart four-factor model -where the intercept is known as the "four-factor alpha"-. A portfolio or an asset has excess returns if it has a positive and statistically significant alpha. The four-factor model for U.S. returns can be portrayed as
Where is the return on asset i and t denotes an specific month, is the risk-free rate, is the market return, SMB is the difference between the returns on diversified portfolios of small stocks and big stocks, HML is the difference between the returns on diversified portfolios of high book-to-market (value) stocks and low book-to-market (growth) stocks, and MOM is the difference between the returns on diversified portfolios of past winners and past losers. In our case should be associated to IRR from [7] .
c. Methodology
We define a metric to measure options returns from the seller point of view, write an algorithm that simulates the sale of options and collects premiums of at-the-money european options at ex-ante market real prices (inflow of money to the seller of options), hold these contracts open until the original expiration, calculates the ex-post payoffs (outflow of money for the seller in case the option ends up in the money) and with that data calculating a realized return.
The methodology we followed is again simple as in previous works. We wrote an algorithm in Matlab, to retrieve the relevant data and perform the following calculations. It took the bid market price of both the call and put options at a certain moment in time, as a money inflow. By assuming the options is kept open until expiration, we computed the option's payoff at maturity, considering both the settlement price at that time as well as the option already defined strike. This is considered a potential money outflow, depending on the circumstances. If the options ended up in-the-money, there was an outflow of money for the seller which accounts negatively; if the option ended up out of the money, the payoff became zero.
The algorithm retrieves data from an historic data base of market prices to perform the operations and obtain a time series of realized returns. To do that we analyze the value of near at-the-money call and put options written on three main indexes in the US markets for a sufficiently long period of time, and evaluate the net payoffs considering premium prices received and cash flows paid had the options been held until expiration.
Once the realized returns are obtained, monthly investable indices will be constructed, by compounding the daily returns for each option type, given maturity, contemplated margin and averaging the returns for all the underlying assets. Given those new return time series, we are able to contrast them with the mentioned four factors, in an econometric fashion.
III. Results
Given a wide span of alternative returns, due to the fact that there are different maturities as well as ways to calculate the margin requirement (and so the strategies' returns), regressions estimates will be displayed based on a discrimination by put and call options. Results will displayed for both average and maximum margins. They are more representative than initial margins which, given the at-the-money selection, may suffer from a great variation.
Positive, and more statistically significant, excess returns constants can be appreciated on the put options side than in the call options counterparty, consistent with the notion of a positive long-term trend for the underlying indices. Surprisingly though, that alpha decays as the term-to-maturity is extended. One might argue that there's a positive premium for shorter termed put options, as a hedge against uncertainty. Same happens to call options, while decreasing its alpha term with time, only longer termed options show statistically significant negative alpha.
Consistent with options' pricing empirical evidence, longer term derivatives show a lower standard deviation (both for call and put options), with decreasing returns. In the case of call options, the monthly excess of returns turns more negative as time-tomaturity expands. More details can be appreciated in the following tables, Bolded t -stats are significant at 95% level.
Regression results for monthly passive call-selling strategy
Low R 2 coefficients makes one question the explanatory power of these well-established factors, giving incentives to try additional ones in the quest of explaining the returns for such a simple strategy as the one covered in this paper.
IV. Synthesis
The simplest way of analyzing returns in finance is the relation between the money committed with respect to the money obtained, something easy in traditional assets. In options, the literature calculates returns relating the money committed as premium paid, and the money obtained from the option payoff (or the in between appreciation or depreciation of the value of the option). The literature reports that option buyers tend to earn less return than predicted by standard risk return models. However, the research focusing on studying and calculating expected and realized option returns is mainly biased towards the buyer´s returns. Our main objective in this paper has been to show a different perspective of options themselves from the seller point of view, and a different metric to calculating option realized returns.
What it is left for further studies is to further evaluate the relation between risk and required equilibrium return in options, and to get consensus about how option returns could be well measured (in a way independent of regulation and compliance about margins). 
